Chronic stress may impose a vulnerability to develop maladaptive fear-related behaviors after a traumatic event. Whereas previous work found that chronic stress impairs the acquisition and recall of extinguished fear, it is unknown how chronic stress impacts nonassociative fear, such as in the absence of the conditioned stimulus (CS) or in a novel context. Male rats were subjected to chronic stress (STR; wire mesh restraint 6 h/d/21d) or undisturbed (CON), then tested on fear acquisition (3 tone-footshock pairings), and two extinction sessions (15 tones/session) within the same context. Then each group was tested (6 tones) in the same context (SAME) or a novel context (NOVEL), and brains were processed for functional activation using Fos immunohistochemistry. Compared to CON, STR showed facilitated fear acquisition, resistance to CS extinction on the first extinction day, and robust recovery of fear responses on the second extinction day. STR also showed robust freezing to the context alone during the first extinction day compared to CON. When tested in the same or a novel context, STR exhibited higher freezing to context than did CON, suggesting that STR-induced fear was independent of context. In support of this, STR showed increased Fos-like expression in the basolateral amygdala and CA1 region of the hippocampus in both the SAME and NOVEL contexts. Increased Fos-like expression was also observed in the central amygdala in STR-NOVEL vs. CON-NOVEL. These data demonstrate that chronic stress enhances fear learning and impairs extinction, and affects nonassociative processes as demonstrated by enhanced fear in a novel context.
Introduction
Post traumatic stress disorder (PTSD) is a debilitating and increasing public health problem, especially in combat-exposed populations. The lifetime prevalence of PTSD in the United States has been reported to be $6% (Kessler, Petukhova, Sampson, Zaslavsky, & Wittchen, 2012) . PTSD develops in a subset of those experiencing a traumatic event (Breslau, Davis, Andreski, & Peterson, 1991) , which suggests individual differences in the susceptibility and resilience to the development of the disorder after trauma exposure. One biological risk factor that has been identified for PTSD is reduced hippocampal volume (Gilbertson et al., 2002) . Functional imaging studies in PTSD patients corroborate the reduced hippocampal volume findings, but also reveal compromised neural integrity within the hippocampus, reduced volume and responsivity within the medial prefrontal cortex (mPFC), as well as heightened amygdala responsivity (Shin, Rauch, & Pitman, 2006; Shin et al., 2004) . Although these observed regional changes provide putative neural substrates for PTSD research, whether these alterations are contributing factors to, or outcomes from the disorder is unknown.
Animal models can help approach questions raised in clinical research in prospective designs under controllable conditions. Chronic stress leads to structural and behavioral alterations in rodents that parallel the changes observed in humans with PTSD. Within the amygdala, chronic stress causes dendritic hypertrophy http://dx.doi.org/10.1016/j.nlm.2014.01.018 1074-7427/Ó 2014 Elsevier Inc. All rights reserved.
Abbreviations: ACG, anterior cingulate gyrus; ANOVA, analysis of variance; BLA, basolateral amygdala; CEA, central amygdala; CON, nonstressed control; CR, conditioned response; CS, conditioned stimulus; DG, dentate gyrus; IL, infralimbic cortex; ITI, inter-trial-interval; MEA, medial amygdala; mPFC, medial prefrontal cortex; OF, open field; PBS, phosphate buffered saline; PL, prelimbic cortex; PTSD, post-traumatic stress disorder; SEM, standard error of the mean; STR, chronic stress; US, unconditioned stimulus.
